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(57) ABSTRACT 

The present invention is directed towards planarization 
materials that produce little or no volatile byproducts during 
the hardening proceSS when used in contact planarization 
processes. The materials can be hardened by photo-irradia 
tion or by heat during the planarization process, and they 
include one or more types of monomers, oligomers, or 
mixtures thereof, an optional croSS-linker, and an optional 
organic reactive Solvents. The Solvent, if used, is chemically 
reacted with the monomers or oligomers and thus becomes 
part of the polymer matrix during the curing process. These 
materials can be used for damascene, dual damascene, 
bi-layer, and multi-layer applications, microelectromechani 
cal System (MEMS), packaging, optical devices, photonics, 
optoelectronics, microelectronics, and Sensor devices fabri 
cation. 
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CONTACT PLANARIZATION MATERIALS THAT 
GENERATE NO WOLATILE BYPRODUCTS OR 

RESIDUE DURING CURING 

RELATED APPLICATIONS 

0001. This application claims the priority benefit of a 
provisional application entitled CONTACT PLANARIZA 
TION MATERIALS FREE OF VOLATILE RESIDUES, 
Serial No. 60/335,811, filed Oct. 31, 2001, incorporated by 
reference herein. 

FEDERALLY SPONSORED 
RESEARCH/DEVELOPMENT PROGRAM 

0002 This invention was made with government support 
under ATP #7ONANB1H3019 awarded by the National 
Institute of Standards and Technology (NIST). The United 
States government has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

0003) 1. Field of the Invention 
0004. The present invention is broadly directed towards 
thermoplastics, thermal and photo-curable materials used for 
manufacturing microelectronic, optoelectronic, optical, 
microelectromechanical system (MEMS), and sensor 
devices using contact planarization technology. The mate 
rials produce essentially no residual Volatile components 
upon curing. 

0005 2. Description of the Prior Art 
0006 Advanced integrated circuit (IC) designs are highly 
dependent upon increasingly complex device-layering tech 
niques to produce Semiconductor devices that are more 
powerful, have lower profiles, and require leSS energy to 
operate. This requires more circuits with much finer Struc 
tures to be integrated into a chip by constructing multiple 
layers of interconnects and dielectrics on a Semiconductor 
Substrate in an appropriate Sequence. To construct an IC, 
many layers containing ultra-fine Structures must be pat 
terned onto a Semiconductor Surface. Materials must be 
deposited and removed from the Surface to construct Such 
ultra-fine Structures. Currently, photolithography is the pre 
dominant technique used to pattern these ultra-fine Struc 
tureS. 

0007 Photolithography involves depositing a photosen 
Sitive material, known as a photoresist, onto a Semiconduc 
tor Substrate Surface. An optical transparent object (known 
as a photomask or reticle) having pre-defined images of the 
Structures to be built on a Semiconductor Surface is placed 
above the photoresist-coated Substrate. An appropriate 
wavelength of light is illuminated through the optical object. 
The light either decomposes or cures the exposed area of the 
photoresist, depending upon the nature of the photoresist 
and the process. The Semiconductor Surface is developed to 
produce the patterned image on the Substrate Surface, and the 
device is ready for Subsequent processing. 
0008. The conditions required to successfully carry out 
the photolithography proceSS are well known to those skilled 
in this art. For example, it is important that the photoresist 
be applied in a specific, uniform thickness to meet depth 
of-focus requirements for the photolithography process. 
Thickness uniformity is a concern not only during the 
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photolithography process, but also for the deposition of 
other materials onto a Substrate Surface during Semiconduc 
tor device fabrication. For instance, if an interlayer dielectric 
is applied with a non-uniform thickness, the process to open 
vias will fail to etch completely to the bottom of the layer in 
the thicker dielectric areas. 

0009 Materials can be applied with good thickness uni 
formity if the surface to be coated is entirely planar. How 
ever, if the Surface is not planar (i.e., if it has topographic 
features) materials often do not coat with a uniform thick 
neSS, and this can greatly affect the final yield or perfor 
mance of the device. A coating deposited on top of a 
topographic Surface tends to contour to the topography of 
the underlying Surface, thus producing a non-planar Surface. 
0010. The multi-layer structure of an IC is made by 
fabricating one layer on top of another. The first layer of the 
Structure is built on a planar Semiconductor Surface. AS a 
result, a topographic Surface is introduced onto the Semi 
conductor Substrate Surface. The Second layer is built on top 
of the topographic Surface of the first structural layer. AS 
more layers are built on the substrate, the severity of the 
Surface topography increases. The non-planar Surface is no 
longer Suitable for constructing the next Structural layer. 
Therefore, the topographic Surface needs to be planarized, or 
flattened, prior to the construction of the next layer. To 
planarize the topographic Surface, techniques Such as plasma 
etch-back, chemical mechanical polishing (CMP), and con 
tact planarization techniques are typically used. 
0011. The plasma etch-back techniques involve the depo 
Sition of a thick film to Smooth the underlying topographic 
Surface to Some extent. A better Surface planarity can be 
achieved with a much thicker film. However, a longer 
plasma etch time is needed to etch thicker films. The 
deposited film must have a closely matched plasma etch rate 
to that of the underlying topographic layer material under 
Specific etch parameters. Subsequently, the thick film is 
etched in a plasma etcher to the underneath topographic 
layer to improve the Surface planarity. 
0012. The CMP technique utilizes a slurry Solution to 
mechanically polish the Surface against a pad with the 
assistance of chemical reactions that occur between the 
Substrate material and the slurry Solution. A slurry Solution 
containing abrasive particles and certain chemicals is dis 
pensed onto the pad Surface. The topographic Substrate 
Surface is pressed against the pad. The Substrate is then 
polished with a circular motion against the pad to remove the 
topography of the surface. CMP is currently used in IC 
fabrication. The Specific requirements and processing con 
ditions for certain materials that need to be planarized are 
known to those skilled in the art. 

0013 Contact planarization provides an alternative to 
plasma etch-back and CMP techniques to planarize topo 
graphic Surfaces. The topographic Surface is first deposited 
with a flowable planarization material. Subsequently, the 
Surface is pressed against an optical flat Surface, which 
allows the material to flow around the topographic Structures 
under certain conditions. The material is then hardened 
either by photo-irradiation or heat to transfer the planarity of 
the optical flat Surface onto the planarized material Surface. 
The planarized material Surface is then released from the 
optical flat object Surface. To facilitate the Separation, the 
optical flat object Surface can be treated to lower its Surface 
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energy. This can be achieved by depositing a thin film of low 
Surface energy material, Such as a fluoropolymer or a 
fluorinated compound, onto the optical flat object Surface. 
Another approach is to put a low Surface energy material 
with comparable Surface planarity, Such as a disk or film, 
between the planarization material and optical flat object 
Surface. Examples of low Surface energy materials are 
materials sold under the name Teflon(R), fluorocarbon poly 
mers, or the like. The planarized material Surface is then 
plasma etched to the underlying topographic layer, the 
planarity of the optical flat Surface is transferred to the 
underneath topographic layer, and the topographic Surface is 
then planarized. One requirement of the planarized material 
is that it needs to possess a plasma etch ratio of approxi 
mately 1 in relation to that of the underlying topographic 
layer material. 
0.014 Currently materials used for contact planarization 
and Similar technologies contain volatile organic Solvents 
that can remain in the cured films and cause bubble forma 
tion in the film during the hardening process. These bubbles 
form Voids and are permanently trapped in the films upon 
hardening. If the bubbles are formed at the interface of the 
planarization material and optical flat Surface, a rough 
surface results. In addition, trapped bubbles will deteriorate 
the integrity of the films as well as their properties. To 
prevent bubble formation, additional processes and condi 
tions Such as pre-bake or post-bake techniques, an elevated 
processing temperature, a Vacuum processing environment, 
or combinations of these are needed to remove residual 
Solvent from the films prior to the hardening process. The 
removal of residual Solvent can cause film shrinkage. This 
Shrinkage introduces undesirable topography at the Surface 
because of the variation in planarized material thickneSS 
acroSS the Substrate Surface. The film Shrinkage is more 
Severe over the underlying recessed areas where a thicker 
planarization material is deposited. Therefore, the planarity 
of the Surface is reduced. 

0.015. As described above, the contact planarization pro 
ceSS relies on an optical flat Surface to make contact with the 
material Surface to be planarized, and the planarization 
material is confined and planarized to flow between two 
Surfaces. Both the optical flat Surface and the planarizing 
Surface are not permeable to volatile vapor. If the planariza 
tion materials contain a Volatile and non-reactive Solvent 
orproduce volatile byproducts during the planarization pro 
cess, the volatile materials will be trapped between the two 
surfaces. The residual solvent will be vaporized when the 
planarization material is being hardened during the pla 
narization process. This vaporization is caused by the heat 
generated during photo irradiation (if photo-hardening pla 
narization materials were used), or by heat applied to the 
thermal-hardening planarization material during hardening. 
During contact planarization, the planarized material Surface 
goes through a plasma etch process to transfer the planarity 
of the planarized Surface to the underlying topographic layer. 
The residual solvent will be released during the plasma etch 
process, which in turn changes the plasma chemistry in the 
etch chamber. Consequently, the plasma etch rate and etch 
rate ratio are changed, which results in an inferior Surface 
planarity of the etched surface. If the residual solvent were 
not homogeneously dispersed in the planarized material and 
even if the residual Solvent is removed after the planariza 
tion process, undesirable voids will form in the planarized 
materials or at the interface. If the Solvent vapor is trapped 
at the interface of the planarization material and the optical 
flat Surface, these voids will cause a rough Surface that 
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deteriorates the planarity of the planarized material Surface. 
If the Solvent is trapped within the planarized material, the 
Voids will cause an inconsistent material density throughout 
the thickness of the material, which is undesirable. More 
importantly, the plasma etch rate will be much faster in 
regions containing more numerous and larger voids than in 
the regions containing fewer voids. The result is a non 
uniform plasma etch rate with an inferior etched Surface 
planarity. Furthermore, these voids are most likely to be 
trapped in Small gaps Such as trenches, Vias, and holes that 
are most critical for device fabrication. 

0016. As an alternative, a CMP process can transfer the 
planarized Surface planarity to the underlying layer if a 
matched CMP removal rate between the planarized material 
and the underlying material can be achieved. A consistent 
and uniform material density is required to have a consistent 
and uniform CMP removal rate while polishing the material. 
The appearance of Voids in the material has a negative 
impact on achieving a consistent and uniform CMP removal 
rate if the void size is not the same and distributed homo 
geneously throughout the material. Therefore, a consistent, 
uniform density, and Void-free planarized film is required to 
ensure a consistent and uniform CMP removal rate within 
the planarized material, in order to achieve a matched 
removal rate while polishing the planarized material and the 
underlying material Simultaneously. 
0017. In general, polymerization processes can be cat 
egorized into condensation polymerization and addition 
polymerization (Stevens, Malcolm P., Polymer Chemistry: 
An Introduction, Chapter 1, Oxford University Press, 1990, 
incorporated by reference herein). A polymer formed 
through a condensation polymerization proceSS contains 
fewer atoms in its repeat unit than those in its monomer 
because of the generation of byproducts during the poly 
merization process. A polymer formed through an addition 
polymerization process has the same number of atoms as the 
monomer in its repeat unit. Some polymers can be Synthe 
sized by either condensation or addition polymerization 
process depending upon the choices of the polymerization 
Starting materials. The polymerization processes may 
require the addition of polymerization initiators or catalysts 
and polymerization mechanisms. The polymerization pro 
ceSSes can be induced by photo-irradiation or by heat, 
depending upon the design and composition of the pla 
narization materials. 

0018 U.S. Pat. No. 6,048,799 to Prybyla et al. describes 
the use of a planarization material having a Viscosity of 
about 20 centipoises (cP) to 40,000 cp during the planariza 
tion step. The materials can be solidified by heat or ultra 
violet irradiation. However, this work does not address the 
effect of the residual Solvent in the planarized material, nor 
does it mention the possible volatile byproducts generated 
during the Solidification process. The presence of the 
residual Solvent in the planarized film, if it is not homoge 
neously dispersed throughout the film, will cause a density 
gradient in the planarized material once it is removed from 
the film. 

SUMMARY OF THE INVENTION 

0019. The present invention is broadly concerned with 
novel microelectronic precursors and methods of forming 
Such precursors. 
0020. In more detail, the precursors are formed by first 
applying (Such as by Spin-coating, Spray coating, casting, 
puddling, fountain coating, etc.) a planarizing layer to a 
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microelectronic Substrate having topography features on its 
surface. This layer will typically be from about 0.1-500 um 
thick (and preferably from about 0.2-200 um), with the 
thickness of the layer preferably being greater than that of 
the height of the topography features. Examples of typical 
microelectronic Substrates include Silicon wafers, compound 
Semiconductor wafers, glass Substrates, quartz Substrates, 
polymers, dielectric Substrates, metals, alloys, Silicon car 
bide, Silicon nitride, Sapphire, and ceramics. 
0021. The planarizing layer is formed from a material 
comprising an ingredient Selected from the group consisting 
of photo-curable or thermally curable monomers, oligomers, 
and mixtures thereof. These planarization materials must be 
curable (polymerized) through an addition polymerization 
mechanism that will generate Substantially no volatile 
byproducts (and more preferably will generate no volatile 
byproducts). The total weight of monomers and/or oligo 
mers in the material should be at least about 10% by weight, 
and preferably from about 15-100% by weight, based upon 
the total weight of the planarizing material taken as 100% by 
weight. Examples of Suitable monomers and oligomers 
include epoxies, novolac epoxies, acrylates, novolac epoxy 
acrylates, vinyl ethers, novolac epoxy vinyl ethers, and 
Vinyl-containing organic and inorganic monomerS/oligo 
mers, and mixtures of the foregoing. 
0022. The material preferably further comprises a reac 
tive Solvent. AS used herein, a reactive Solvent is one that 
reacts with the monomer(s), oligomer(s), or mixtures 
thereof, So as to form a polymer (by conventional polymer 
ization reactions), with the reactive Solvent being Substan 
tially consumed during this reaction. Thus, the reactive 
Solvent acts as a co-monomer. When a reactive Solvent is 
utilized, it should be present at levels of from about 1-90% 
by weight, and preferably from about 10-50% by weight, 
based upon the total weight of the material taken as 100% by 
weight. Suitable reactive Solvents will necessarily depend 
upon the monomer or oligomer utilized, however, typical 
examples include propylene carbonate, glycidyl ethers, 
Vinyl ethers, allyl ethers, acrylates, other mono- or multi 
functional reactive Solvents, and mixtures of the foregoing. 
0023 The material preferably further comprises an ingre 
dient Selected from the group consisting of acids, acid 
generators (e.g., thermal acid generators, photoacid genera 
tors), and Surfactants. When an acid or acid generator is 
present, it should be present at levels of from about 0.1-10% 
by weight, and preferably from about 0.5-3% by weight, 
based upon the total weight of the material taken as 100% by 
weight. Examples of Suitable acids or acid generators 
including those Selected from the group consisting of triar 
ylsulfonium hexafluorophosphate, triarylsulfonium 
hexafluoro arsenate, diaryliodonium hexafluorophosphate, 
diaryliodonium hexafluoro antimonate, diaryliodonium 
hexafluoro arsenate, triaryl SulphoXonium hexafluorophoS 
phate, and aryloxy SulphoXonium hexafluorophosphate. 

0024. When a surfactant is present, it should be non 
volatile and should be utilized at levels of from about 
0.01-3% by weight, and preferably from about 0.05-0.5% by 
weight, based upon the total weight of the material taken as 
100% by weight. Examples of suitable surfactants include 
fluoroSurfactants and polymeric Surfactants. 
0.025 In a particularly preferred embodiment, the pla 
narization materials comprise very low levels of non-reac 
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tive solvents or diluents (e.g., PGME, PGMEA). Thus, the 
planarizing material comprises less than about 5% by 
weight, and preferably less than about 2% by weight non 
reactive Solvents or diluents, based upon the total weight of 
the planarizing material taken as 100% by weight. Even 
more preferably, the planarizing material is essentially free 
of non-reactive Solvents or diluents. 

0026 Regardless of the ingredients included in the pla 
narizing material, it should have a Viscosity of from about 
10-50,000 cp, and preferably from about 10-5,000 cP. Thus, 
the material is capable of filling gaps in a size range of from 
about 0.1 um and greater, and preferably from about 0.2- 
50,000 um. 
0027. After the planarizing material is applied, the edge 
bead is removed if necessary, and the material is contacted 
with a flat object with said layer for sufficient time and 
pressure to transfer the flat surface of the object to the 
planarizing layer. The contacting or pressing Step will gen 
erally comprise applying preSSures of from about 5-200 psi, 
more preferably from about 10-100 psi, and for a time period 
of from about 1 second to about 10 minutes, and preferably 
from about 10-60 seconds. 

0028. The contacting step is typically carried out at 
temperatures of from about 18-400 C., and more preferably 
from about 18-150° C. However, if thermoplastics are 
present in the planarizing material, the temperature utilized 
is highly material-dependent. AS far as temperatures are 
concerned in this situation, it is preferable that the pressing 
step be carried out at a temperature of from about the T of 
the planarizing material to about 20° C. above the melting 
point of the planarizing material. Even more preferably, the 
temperature will be from about 5 C. below to about 10 C. 
above the melting point of the material. 
0029. This process can be carried out in a chamber 
evacuated to less than about 20 Torr, but ambient conditions 
are suitable as well. It will be understood that an optical flat 
or Some equivalent means can be used to apply this pressure, 
and that the chosen pressure-applying means must be 
Selected to adapt to the particular process (e.g., a UV 
transparent optical flat is necessary if a UV-curing process is 
to be utilized). 
0030. While the optical flat object and substrate are 
maintained in contact, the planarizing material is hardened 
or cured by conventional means. For example, if the com 
position is photo-curable, then it is Subjected to UV light (at 
a wavelength appropriate for the particular composition) So 
as to cure the layer. Likewise, if the composition is thermally 
curable, it can be cured by application of heat (e.g., via a 
hotplate, via an oven, via IR warming, etc.) followed by 
cooling to less than its T, and preferably less than about 50° 
C. Regardless of the hardening or curing means, the flat 
object is ultimately Separated from the planarizing layer, 
yielding a precursor that can be Subjected to further pro 
cessing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0031 FIG. 1 is a schematic illustration of a circuit 
precursor Structure having a Substrate and a planarizing layer 
on the Substrate; 
0032 FIG. 2 is a schematic illustration of a cross 
Sectional view of a prior art precursor Structure having a 
Substrate and a planarizing layer on the Substrate; and 
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0.033 FIG. 3 is a schematic illustration of a cross 
Sectional view of an inventive precursor Structure having a 
Substrate and a planarizing layer on the Substrate. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0034) Referring to FIG. 1, an integrated circuit precursor 
10 is shown. Precursor 10 comprises a substrate 12 and a 
cured planarizing layer 14. Although not shown in the 
figures, those skilled in the art will understand that precursor 
10 includes a Surface having Structures or features thereon. 
These Structures will have varying topography and feature 
sizes, depending upon the final intended use of the precursor. 
AS used herein, “topography” refers to the height or depth of 
a structure while “feature size” refers to the width and length 
of a structure. If the width and length are different, then it is 
conventional to reference the Smaller number as the feature 
SZC. 

0.035 FIG. 2 depicts a cross-sectional view of an inte 
grated circuit precursor 16 which was formed by prior art 
contact planarization processes as described previously 
herein. Prior art precursor 16 also includes a substrate 18 and 
a cured planarizing layer 20. However, when prepared 
according to prior art contact planarization processes, pla 
narizing layer 20 has undesirable voids 22. Some of these 
Voids are in the form of Surface depressions 22a. Regardless 
of whether these voids 22 are at the surface of layer 20 or 
within layer 20, they are undesirable because they deterio 
rate the properties of the film. 
0.036 FIG. 3 schematically depicts a cross-sectional 
View of an integrated circuit precursor 24 formed according 
to the present invention. Inventive precursor 24 includes a 
Substrate 26 and a cured planarizing layer 28. However, due 
to the improvements described herein, planarizing layer 28 
is essentially free of the Voids that were present in prior art 
precursor 16. Thus, the cured planarizing layers of the 
precursor Structures formed according to the invention will 
have less than about 1%, preferably less than about 0.5%, 
and more preferably about 0% voids in the cured layer. As 
used herein, the term “voids” is defined as areas of the 
planarizing layer where portions of the layer are missing as 
shown in FIG. 2. The term “voids” is also intended to 
include Surface depressions. This is to be distinguished from 
external defects (e.g., foreign particles found in the layer). 
Those skilled in the art will understand that a “void” is an 
area that is larger than the natural pores found in the 
material. The % voids is determined by: 

0037 (1) examining five different cross-sectional 
Views of the Structure under a Scanning electron 
microScope Set at a magnification of 50,000x; 

0038 (2) counting the number of voids observed (at 
this magnification) in about the center of each cross 
sectioned piece over a length “L” and a height “H.” 
where “L” is about 10 mm and “H” is about 1 um 
(see FIG. 2); 

0039 (3) using the number of voids counted in step 
(2) to find the % voids in the cured layer for each of 
the five Samples, and 

0040 (4) determining the average of these five % 
voids. 
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EXAMPLES 

0041. The following examples set forth preferred meth 
ods in accordance with the invention. It is to be understood, 
however, that these examples are provided by way of 
illustration and nothing therein should be taken as a limita 
tion upon the overall Scope of the invention. 

0042. In Examples 1-11, a 6-inch wafer coated with 
Silicon dioxide and having line, trench, and Square Structures 
at the surface was used as the substrate (SKW 1-1 Dielectric 
Oxide CMP Characterization Wafer, purchased from SKW 
Associates). The widths of the line and trench structures 
were about 12.5 um to 237.5 um. The heights of the line 
Structures and the depth of the trench Structures were about 
0.9-1.0 um. There were about 50-um and 2000-um square 
holes that are 0.9-1.0 um deep on the wafer surface. 

Example 1 

Novolac Epoxy Planarization Material and 
Planarization Under Vacuum 

0043 A photo-curable planarization material comprising 
10 grams of novolac epoxy resin (D.E.R.TM 354LV, pur 
chased from The Dow Chemical Company) and 0.6 grams of 
50% triarylsulfonium hexafluorophosphate (a photoacid 
generator) Solution (purchased from Aldrich) was formu 
lated and mixed thoroughly. The solvent used in the photo 
acid generator Solution was a reactive Solvent (i.e., propy 
lene carbonate). 
0044) A 24-um thick layer of the planarization material 
was coated onto a 6-inch Silicon wafer Surface which had 
been previously treated with an adhesion promoter (APX 
K1, obtained from Brewer Science, Inc.) using the vendor's 
recommended process. A Standard edge bead removal pro 
ceSS was conducted which removed about 5 mm of edge 
bead. This wafer was then placed onto a wafer Stage in a 
contact planarization preSS chamber with the coated Surface 
facing a UV-transparent optical flat object. The press cham 
ber was sealed and evacuated to less than 20 Torr, and the 
wafer Stage was raised to press the wafer against a Teflon(R) 
release film which, in turn, pressed against the optical flat 
surface with a press pressure of 68 psi for 30 seconds. While 
the planarization material was in contact with the optical flat 
surface, a continuous UV light (from a Mercury-Xenon 
lamp) was illuminated through the optical flat Surface for 10 
Seconds to cure the planarization material. Once the pla 
narization material was cured, the press pressure was 
released. The wafer Stage was lowered, the wafer was 
released from the Teflon(E) release film, and the chamber was 
vented. A Dektak 8 (Veeco Metrology Group) was used to 
characterize the planarized Surface roughneSS and the degree 
of planarization. A Step height of approximately 200 A of the 
1-um height of the original Substrate Structures was found. 
A degree of planarization of about 98% was achieved. A 
100% degree of planarization implies that the original 
Structure Step height is totally eliminated. No Voids were 
found in the planarized material. The inventive methods 
result in a degree of planarization of at least about 90%, 
preferably at least about 95%, and more preferably at least 
about 98%. 
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Example 2 

Novolac Epoxy and Glycidyl Ether Planarization 
Material and Planarization Under Vacuum 

0.045. A photo-curable planarization material formed of 5 
grams of novolac epoxy resin (D.E.R.TM 354LV), 5 grams of 
n-butyl glycidyl ether (purchased from Aldrich), and 0.6 
grams of 50% triarylsulfonium hexafluorophosphate solu 
tion was formulated and mixed thoroughly. The solvent used 
in the photo acid generator Solution was propylene carbon 
ate. The material was filtered with a 0.2-um filter. 
0046. A 1.5-lum thick layer of the planarization material 
was coated onto a 6-inch Silicon wafer Surface that had been 
previously treated with an adhesion promoter APX-K1 using 
the Vendor's recommended process. A Standard edge bead 
removal process was conducted that removed about 5 mm of 
edge bead. The wafer was placed onto a wafer Stage in a 
contact planarization press chamber with the coated Surface 
facing a UV-transparent optical flat object. The press cham 
ber was sealed and evacuated to less than 20 Torr, and the 
wafer Stage was raised to press the wafer against a Teflon(R) 
release film which then pressed against the optical flat 
surface with a press pressure of 68 psi for 30 seconds. While 
the planarization material was in contact with the optical flat 
Surface, a continuous UV light was illuminated through the 
optical flat Surface for 10 Seconds to cure the planarization 
material. Once the planarization material was cured, the 
preSS preSSure was released. The wafer Stage was lowered, 
the wafer was released from the Teflon(E) release film, and 
the chamber was vented. A Dektak 8 was used to charac 
terize the planarized Surface roughness and the degree 
ofplanarization. A Step height of approximately 200 A of the 
1-um height of the original Substrate Structures was found. 
A degree of planarization of about 98% was achieved. No 
Voids were found in the planarized material. 
0047. This example was repeated as described except that 
n-butyl glycidyl ether was replaced by t-butyl glycidyl ether 
(purchased from Aldrich). A degree of planarization of about 
99% was achieved without voids in the planarized material. 

Example 3 

Novolac Epoxy and Glycidyl Ether Planarization 
Material and Planarization at Ambient Pressure 

0.048. A photo curable planarization material consisting 
of 5 grams of novolac epoxy resin (D.E.R.TM 354LV), 5 
grams of t-butyl glycidyl ether, and 0.6 grams of 50% 
triarylsulfonium hexafluorophosphate Solution was formu 
lated and mixed thoroughly. The solvent used in the photo 
acid generator Solution was propylene carbonate. The mate 
rial was filtered with a 0.2-lim filter. 
0049. A 1.7-lim thick layer of the planarization material 
was coated onto a 6-inch Silicon wafer Surface that had been 
previously treated with an adhesion promoter (APX-K1) 
using the Vendor's recommended process. A Standard edge 
bead removal proceSS was conducted that removed about 5 
mm of edge bead. The wafer was placed onto a wafer Stage 
in a contact planarization press chamber with the coated 
Surface facing a UV-transparent optical flat object. The preSS 
chamber was Sealed, and the wafer Stage was raised to preSS 
the wafer against a Teflon(R) release film which, in turn, 
pressed against the optical flat Surface with a preSS pressure 
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of 68 psi for 30 seconds. While the planarization material 
was in contact with the optical flat Surface, a continuous UV 
light was illuminated through the optical flat surface for 10 
Seconds to cure the planarization material. Once the pla 
narization material was cured, the press pressure was 
released. The wafer Stage was lowered, the wafer was 
released from the Teflon(E) release film. ADektak 8 was used 
to characterize the planarized Surface roughness and the 
degree of planarization. A Step height of approximately 200 
A of the 1-um height of the original Substrate Structures was 
found. A degree of planarization of about 98% was achieved. 
No voids were found in the planarized material. 

Example 4 

Novolac Epoxy and Vinyl Ether Planarization 
Material and Planarization Under Vacuum 

0050 A photo curable planarization material comprising 
5 grams of novolac epoxy resin (D.E.R.TM 354LV), 5 grams 
of 1,4-cyclohexane dimethanol divinyl ether (purchased 
from Aldrich), and 0.6 grams of 50% triarylsulfonium 
hexafluorophosphate Solution was formulated and mixed 
thoroughly. The Solvent used in the photoacid generator 
Solution was a propylene carbonate. The material was fil 
tered with a 0.2-lum filter. 
0051. A 2.4-lum thick layer of the planarization material 
was coated onto a 6-inch Silicon wafer Surface which had 
been previously treated with an adhesion promoter (APX 
K1) using the vendor's recommended process. A standard 
edge bead removal process was conducted which removed 
about 5 mm of edge bead. This wafer was placed onto a 
wafer Stage in a contact planarization press chamber with the 
coated Surface facing a UV-transparent optical flat object. 
The preSS chamber was Sealed and evacuated to less than 20 
Torr, and the wafer Stage was raised to press the wafer 
against a Teflon(E) release film which pressed against the 
optical flat surface with a press pressure of 68 psi for 30 
Seconds. While the planarization material was in contact 
with the optical flat Surface, a continuous UV light was 
illuminated through the optical flat surface for 10 seconds to 
cure the planarization material. Once the planarization mate 
rial was cured, the preSS pressure was released. The wafer 
stage was lowered, the wafer was released from the Teflon(R) 
release film, and the chamber was vented. A Dektak 8 was 
used to characterize the planarized Surface roughneSS and 
the degree of planarization. A step height of approximately 
400 A of the 1-um height of the original Substrate Structures 
was found. A degree of planarization of about 96% was 
achieved. No voids were found in the planarized material. 

Example 5 

Vinyl Ether Planarization Material and 
Planarization at Ambient Pressure with Pulsing UV 

Exposure 
0052 A photo curable planarization material comprising 
10 grams of bis(4-(vinyloxy)butyllisophthalate (VEcto 
mer(R 4010 vinyl ether marketed by Morflex, Inc., purchased 
from Aldrich) and 0.6 grams of 50% triarylsulfonium 
hexafluorophosphate Solution was formulated and mixed 
thoroughly. The Solvent used in the photoacid generator 
Solution was propylene carbonate. 
0053 A 4.2-lum thick layer of the planarization material 
was coated onto a 6-inch Silicon wafer Surface that had been 
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previously treated with an adhesion promoter (APX-K1) 
using the vendor's recommended process. The wafer was 
placed onto a wafer Stage in a contact planarization preSS 
chamber with the coated Surface facing a UV-transparent 
optical flat object. The press chamber was Sealed, and the 
wafer Stage was raised to press the wafer against a Teflon(R) 
release film which, in turn, pressed against the optical flat 
surface with a press pressure of 68 psi for 30 seconds. While 
the planarization material was in contact with the optical flat 
Surface, a continuous UV light was illuminated through the 
optical flat surface for 10 seconds, the UV light was then 
turned off for 20 seconds, and a second exposure of 10 
Seconds was carried out. The total UV light exposure time 
was 20 Seconds. Once the planarization material was cured, 
the preSS pressure was released. The wafer Stage was low 
ered, and the wafer was released from the Teflon(E) release 
film. A Dektak 8 was used to characterize the planarized 
surface roughness and the degree of planarization. A step 
height of approximately 100 A of the 1-um height of the 
original Substrate Structures was found. A degree of pla 
narization of about 99% was achieved. No voids were found 
in the planarized material. 

Example 6 

Novolac Epoxy and Vinyl Ether Planarization 
Material and Planarization at Ambient Pressure 

0054) A photo curable planarization material including 
10 grams of novolac epoxy resin D.E.N.TM 431 (purchased 
from The Dow Chemical Company), 10 grams of bis4 
(vinyloxy)butyl isophthalate and 0.6 grams of 50% triaryl 
Sulfonium hexafluorophosphate Solution was formulated and 
mixed thoroughly. The Solvent used in the photoacid gen 
erator Solution was propylene carbonate. 

0.055 A 12.5-lim thick layer of the planarization material 
was coated onto a 6-inch Silicon wafer Surface that had been 
previously treated with an adhesion promoter (APX-K1) 
using the vendor's recommended process. The wafer was 
placed onto a wafer Stage in a contact planarization preSS 
chamber with the coated Surface facing a UV-transparent 
optical flat object. The press chamber was Sealed, and the 
wafer Stage was raised to press the wafer against a Teflon(R) 
release film which pressed against the optical flat Surface 
with a press pressure of 68 psi for 30 seconds. While the 
planarization material was in contact with the optical flat 
Surface, a continuous UV light was illuminated through the 
optical flat Surface for 10 Seconds to cure the planarization 
material. Once the planarization material was cured, the 
preSS preSSure was released. The wafer Stage was lowered, 
the wafer was released from the Teflon(E) release film. A 
Dektak 8 was used to characterize the planarized Surface 
roughness and the degree of planarization. A step height of 
approximately 100 A of the 1-um height of the original 
Substrate Structures was found. A degree of planarization of 
about 99% was achieved. There were no voids found in the 
planarized material. 

0056. This example was repeated as described except that 
0.08 gram of fluorosurfactant (FC-4430, obtained from 3M) 
was added to the planarization material, and the UV expo 
Sure parameters described in Example 5 were utilized. A 
comparable degree of planarization was obtained without 
Voids in the planarized material. 
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Example 7 

Epoxy Novolac Diacrylate Planarization Material 
and Planarization at Ambient Pressure 

0057. A photo curable planarization material consisting 
of 10 grams of bisphenol-A epoxy diacrylate (EBECRYL(R) 
3200, an aliphatic/aromatic epoxy acrylate blend, purchased 
from UCB Chemicals), and 0.6 grams of Darocur(R) 1173 (a 
photo-initiator, obtained from Ciba) was formulated and 
mixed thoroughly. 
0058 A17.5-lum thick layer of the planarization material 
was coated onto a 6-inch Silicon wafer Surface that had been 
previously treated with an adhesion promoter (APX-K1) 
using the vendor's recommended proceSS. The wafer was 
placed onto a wafer Stage in a contact planarization press 
chamber with the coated Surface facing a UV-transparent 
optical flat object. The press chamber was Sealed, and the 
wafer Stage was raised to press the wafer against a Teflon(R) 
release film which was pressed against the optical flat 
surface with a press pressure of 68 psi for 30 seconds. While 
the planarization material was in contact with the optical flat 
Surface, a continuous UV light was illuminated through the 
optical flat Surface for 10 Seconds to cure the planarization 
material. Once the planarization material was cured, the 
preSS pressure was released. The wafer Stage was lowered, 
and the wafer was released from the Teflon(E) release film. A 
Dektak 8 was used to characterize the planarized Surface 
roughness and the degree of planarization. A Step height of 
approximately 200 A of the 1-um height of the original 
Substrate Structures was found. A degree of planarization of 
about 98% was achieved. No voids were found in the 
planarized material. 

Example 8 

Epoxy Novolac Acrylate and Acrylate Diluents 
Planarization Material and Planarization at Ambient 

Pressure 

0059 A photo curable planarization material comprising 
10 grams of EBECRYL(R) 3603 (obtained from UCB Chemi 
cals, contains novolac epoxy acrylate diluted with 20% 
tripropylene glycol diacrylate), and 0.6 grams of EBE 
CRYL(R) BPO (a photo-initiator, obtained from UCB Chemi 
cals) was formulated and mixed thoroughly. 
0060 A 17-um thick layer of the planarization material 
was coated onto a 6-inch Silicon wafer Surface that had been 
previously treated with an adhesion promoter (APX-K1) 
using the vendor's recommended proceSS. The wafer was 
placed onto a wafer Stage in a contact planarization press 
chamber with the coated Surface facing a UV-transparent 
optical flat object. The press chamber was Sealed, and the 
wafer Stage was raised to press the wafer against a Teflon(R) 
release film which, in turn, pressed against the optical flat 
surface with a press pressure of 68 psi for 30 seconds. While 
the planarization material was in contact with the optical flat 
Surface, a continuous UV light was illuminated through the 
optical flat Surface for 10 Seconds to cure the planarization 
material. Once the planarization material was cured, the 
preSS pressure was released. The wafer Stage was lowered, 
and the wafer was released from the Teflon(E) release film. A 
Dektak 8 was used to characterize the planarized Surface 
roughness and the degree of planarization. A Step height of 
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approximately 100 A of the 1-um height of the original 
Substrate Structures was found. A degree of planarization of 
about 99% was achieved. No voids were found in the 
planarized material. 

Example 9 

Novolac Epoxy and Allyl Glycidyl Ether 
Planarization Material and Planarization Under 

Vacuum 

0061 A photo-curable planarization material consisting 
of 5 grams of novolac epoxy resin D.E.N.TM 431 (purchased 
from The Dow Chemical Company), 5 grams of allyl 
glycidyl ether (purchased from Aldrich), and 0.6 grams of 
50% triarylsulfonium hexafluorophosphate solution was for 
mulated and mixed thoroughly. The solvent used in the 
photoacid generator Solution was propylene carbonate. The 
material was filtered with 0.2-lum filter. 
0.062. A 1.8-lum thick layer of the planarization material 
was coated onto a 6-inch Silicon wafer Surface that had been 
previously treated with an adhesion promoter (APX-K1) 
using the Vendor's recommended process. A Standard edge 
bead removal proceSS was conducted that removed about 5 
mm of edge bead. The wafer was placed onto a wafer Stage 
in a contact planarization press chamber with the coated 
Surface facing a UV-transparent optical flat object. The preSS 
chamber was Sealed and evacuated to leSS than 20 Torr, and 
the wafer Stage was raised to press the wafer against a 
Teflon(R) release film which pressed against the optical flat 
Surface with a press pressure of 68 psi for 30 seconds. While 
the planarization material was in contact with the optical flat 
Surface, a continuous UV light was illuminated through the 
optical flat Surface for 10 Seconds to cure the planarization 
material. Once the planarization material was cured, the 
preSS preSSure was released. The wafer Stage was lowered, 
the wafer was released from the Teflon(E) release film, and 
the chamber was vented. A Dektak 8 was used to charac 
terize the planarized Surface roughness and the degree of 
planarization. A Step height of approximately 100 A of the 
1-um height of the original Substrate Structures was found. 
A degree of planarization of about 99% was achieved. No 
Voids were found in the planarized material. 

Example 10 

Novolac Epoxy and Allyl Glycidyl Ether 
Planarization Material and Planarization Under 
Ambient Pressure with Pulsing UV Exposure 

0.063 A photo-curable planarization material consisting 
of 10 grams of novolac epoxy resin D.E.N.T.M 431, 10 grams 
of allyl glycidyl ether, 0.09 gram of fluorosurfactant (FC 
4430), and 0.6 grams of 50% triarylsulfonium hexafluoro 
phosphate Solution was formulated and mixed thoroughly. 
The Solvent used in the photoacid generator Solution was 
propylene carbonate. 
0064. A 1.8-lum thick layer of the planarization material 
was coated onto a 6-inch Silicon wafer Surface that had been 
previously treated with an adhesion promoter (APX-K1) 
using the vendor's recommended process. The wafer was 
placed onto a wafer Stage in a contact planarization preSS 
chamber with the coated Surface facing a UV-transparent 
optical flat object. The press chamber was Sealed, and the 
wafer Stage was raised to press the wafer against a Teflon(R) 
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release film which then pressed against the optical flat 
surface with a press pressure of 68 psi for 30 seconds. While 
the planarization material was in contact with the optical flat 
Surface, a continuous UV light was illuminated through the 
optical flat surface for 10 seconds, the UV light was then 
turned off for 20 seconds, and a second exposure of 10 
Seconds was carried out. The total UV light exposure time 
was 20 Seconds. Once the planarization material was cured, 
the preSS pressure was released. The wafer Stage was low 
ered, and the wafer was released from the Teflon(E) release 
film. A Dektak 8 was used to characterize the planarized 
surface roughness and the degree of planarization. A step 
height of approximately 150 A of the 1-um height of the 
original Substrate Structures was found. A degree of pla 
narization of about 98% was achieved. No voids were found 
in the planarized material. 

Example 11 

Novolac Epoxy and Allyl Glycidyl Ether 
Planarization Material and Planarization Under 

Ambient Pressure with Short Press Time 

0065. A photo-curable planarization material consisting 
of 5 grams of novolac epoxy resin D.E.N.T.M 431, 5 grams of 
allyl glycidyl ether, and 0.6 grams of 50% triarylsulfonium 
hexafluorophosphate Solution was formulated and mixed 
thoroughly. The Solvent used in the photo acid generator 
Solution was a propylene carbonate. 
0066. A 1.8-lum thick layer of the planarization material 
was coated onto a 6-inch Silicon wafer Surface that had been 
previously treated with an adhesion promoter (APX-K1) 
using the vendor's recommended proceSS. The wafer was 
placed onto a wafer Stage in a contact planarization press 
chamber with the coated Surface facing a UV-transparent 
optical flat object. The press chamber was Sealed, and the 
wafer Stage was raised to press the wafer against a Teflon(R) 
release film which pressed against the optical flat Surface 
with a press pressure of 68 psi for 10 seconds. While the 
planarization material was in contact with the optical flat 
Surface, a continuous UV light was illuminated through the 
optical flat Surface for 10 Seconds to cure the planarization 
material. Once the planarization material was cured, the 
preSS pressure was released. The wafer Stage was lowered, 
the wafer was released from the Teflon(E) release film. A 
Dektak 8 was used to characterize the planarized Surface 
roughness and the degree of planarization. A step height of 
approximately 100 A of the 1-um height of the original 
Substrate Structures was found. A degree of planarization of 
about 99% was achieved. There were no voids found in the 
planarized material. 

Example 12 

Novolac Epoxy and Glycidyl Ether Planarization 
Materials Planarization Under Ambient Pressure 

Using Sub-micron Via Holes Substrate 
0067 Asilicon dioxide coated wafer with Sub-micron via 
holes was used as the Substrate. The via hole diameter 
ranged from 0.2-lum to 1.0-lum. The depth of the via holes 
was about 1.0-lim. 
0068 A photo-curable planarization material comprising 
5 grams of novolac epoxy resin D.E.R.TM 354LV, 5 grams of 
t-butyl glycidyl ether, and 0.6 grams of 50% triarylsulfo 
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nium hexafluorophosphate Solution was formulated and 
mixed thoroughly. The Solvent used in the photoacid gen 
erator Solution was propylene carbonate. 
0069. A layer of planarization material about 1.7 tim 
thick was coated onto the via hole wafer Surface that had 
previously been treated with an adhesion promoter (APX 
K1) using the vendor's recommended process. The wafer 
was placed onto a wafer Stage in a contact planarization 
preSS chamber with the coated Surface facing a UV-trans 
parent optical flat object. The preSS chamber was Sealed, and 
the wafer Stage was raised to press the wafer against a 
Teflon(R) release film which then pressed against the optical 
flat surface with a press pressure of 68 psi for 30 seconds. 
While the planarization material was in contact with the 
optical flat Surface, a continuous UV light was illuminated 
through the optical flat Surface for 10 Seconds to cure the 
planarization material. Once the planarization material was 
cured, the press pressure was released. The wafer Stage was 
lowered, and the wafer was released from the Teflon(E) 
release film. A Dektak 8 was used to characterize the 
planarized Surface roughness and the degree of planariza 
tion. A step height of approximately 100 A of the 1-um 
height of the original Substrate Structures was found. A 
degree of planarization of greater than 99% was achieved. 
There were no voids found in the planarized material. 

We claim: 
1. A method of forming a microelectronic precursor, Said 

method comprising the Steps of 
providing a Substrate having a Surface and including a 

plurality of topography features on Said Surface; 
forming a planarizing layer on Said Surface, wherein Said 

planarizing layer comprises: 

a monomer, an oligomer, or a mixture of a monomer 
and an oligomer, and 

a reactive Solvent; 
contacting the planarizing layer with a flat Surface of an 

object for Sufficient time and preSSure to transfer the 
flatness of the flat Surface to the planarizing layer. 

2. The method of claim 1, Said planarizing layer further 
comprising an ingredient Selected from the group consisting 
of acids, acid generators, Surfactants, and photo-initiators. 

3. The method of claim 2, wherein said ingredient is a 
photoacid generator. 

4. The method of claim 1, wherein Said planarizing layer 
consists essentially of: 

a monomer, an oligomer, or a mixture of a monomer and 
an oligomer; 

a reactive Solvent; and 

an acid or an acid generator. 
5. The method of claim 1, wherein said monomer or 

oligomer is Selected from the group consisting of epoxies, 
novolac epoxies, acrylates, novolac epoxy acrylates, vinyl 
ethers, novolac epoxy vinyl ethers, and monomers and 
oligomers comprising Vinyl groups, and mixtures of the 
foregoing. 

6. The method of claim 1, wherein said reactive solvent is 
propylene carbonate, glycidyl ethers, vinyl ethers, allyl 
ethers, acrylates, and mixtures of the foregoing 
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7. The method of claim 1, wherein Said planarizing layer 
comprises less than about 5% by weight of non-reactive 
Solvent, based upon the total weight of the planarizing layer 
taken as 100% by weight. 

8. The method of claim 1, further including the step of 
Substantially curing Said planarizing layer. 

9. The method of claim 8, wherein said curing step 
comprises Subjecting Said planarizing layer to UV light for 
Sufficient time to Substantially cure Said composition. 

10. The method of claim 8, wherein said curing step 
causes said monomer, oligomer, or mixture of a monomer 
and an oligomer to react with Said reactive Solvent So as to 
Substantially consume Said reactive Solvent. 

11. The method of claim 8, wherein said microelectronic 
precursor resulting from Said curing Step comprises a cured 
planarizing layer, and Said cured planarizing layer comprises 
less than about 1% voids. 

12. The method of claim 1, wherein Said providing, 
forming, and contacting Steps are carried out under ambient 
preSSures. 

13. The method of claim 1, wherein said providing, 
forming, and contacting StepS are carried out under vacuum. 

14. The method of claim 1, wherein Said contacting Step 
is carried out with a pressure of from about 5-200 psi. 

15. The method of claim 1, wherein said contacting step 
is carried out at a temperature of from about 18-400 C. 

16. The method of claim 1, wherein Said contacting Step 
is carried out for a time period of from about 1 Second to 
about 10 minutes. 

17. A precursor structure formed by: 
providing a Substrate having a Surface and including a 

plurality of topography features on Said Surface; 
forming a planarizing layer on Said Surface, wherein Said 

planarizing layer comprises: 

a monomer, an oligomer, or a mixture of a monomer 
and an oligomer, and 

a reactive Solvent; 
contacting the planarizing layer with a flat Surface of an 

object for Sufficient time and preSSure to transfer the 
flatness of the flat Surface to the planarizing layer. 

18. The method of claim 17, said planarizing layer further 
comprising an ingredient Selected from the group consisting 
of acids, acid generators, Surfactants, and photo-initiators. 

19. The method of claim 17, wherein said planarizing 
layer consists essentially of: 

a monomer, an oligomer, or a mixture of monomers and 
oligomers, 

a reactive Solvent; and 
an ingredient Selected from the group consisting of an 

acid, an acid generator, and a photo-initiator. 
20. The method of claim 17, wherein said planarizing 

layer comprises less than about 5% by weight of non 
reactive Solvent, based upon the total weight of the planariz 
ing layer taken as 100% by weight. 

21. The method of claim 17, further including the step of 
Substantially curing Said planarizing layer. 

22. The method of claim 21, wherein said microelectronic 
precursor resulting from Said curing Step comprises a cured 
planarizing layer, and Said cured planarizing layer comprises 
less than about 1% voids. 
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23. The method of claim 17, wherein said providing, 
forming, and contacting StepS are carried out under ambient 
preSSures. 

24. The method of claim 17, wherein said providing, 
forming, and contacting Steps are carried out under vacuum. 

25. A method of forming a microelectronic precursor, Said 
method comprising the Steps of 

providing a Substrate having a Surface and including a 
plurality of topography features on Said Surface; 

forming a planarizing layer on Said Surface; 
contacting the planarizing layer with a flat Surface of an 

object for Sufficient time and preSSure to transfer the 
flatness of the flat Surface to the planarizing layer; 

curing Said planarizing layer after or during Said contact 
ing Step, Said cured planarizing layer comprising leSS 
than about 1% voids. 

26. The method of claim 25, wherein said providing, 
forming, and contacting StepS are carried out under ambient 
preSSures. 

27. The method of claim 25, wherein said providing, 
forming, and contacting Steps are carried out under vacuum. 
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28. The method of claim 25, wherein said contacting step 
is carried out at a temperature of from about 18-400 C. 

29. The method of claim 25, wherein said contacting step 
is carried out for a time period of from about 1 Second to 
about 10 minutes. 

30. The combination of: 

a microelectronic Substrate having a Surface and a plu 
rality of topography features on Said Surface; and 

a cured planarizing layer on Said Surface, Said cured 
planarizing layer having a Substantially planar Surface 
remote from Said Substrate Surface, and Said cured 
planarizing layer comprisingleSS than about 1% voids. 

31. The combination of claim 30, wherein said Substrate 
is Selected from the group consisting of Silicon wafers, 
compound Semiconductor wafers, glass Substrates, quartz 
Substrates, organic polymers, dielectric Substrates, metals, 
alloys, Silicon carbide, Silicon nitride, Sapphire, and ceram 
CS. 


